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http://dx.doi.org/10.1016/j.hkpj.2013.02.00Abstract The purpose of this study was to evaluate the effectiveness of external focus of
attention and internal focus of attention in different phases of motor learning in people with
Parkinson’s disease (PD). Twenty-four patients (17 men and 7 women) with idiopathic PD
participated in the study. The participants were randomly assigned to either the internal focus
of attention group (nZ 12) or the external focus of attention group (nZ 12). The task was to
throw darts at the centre of a target. The attention of the patients in the internal focus group
was directed at the movements of upper extremity joints, whereas the attention of the pa-
tients in the external focus group was directed at the target, dart, and dart course. The results
showed that the external focus group had significantly less mean radial error for the acquisi-
tion phase (fifth block, pZ 0.005) and the transfer phase (pZ 0.005). In summary, an external
focus of attention enhanced learning in the last block of the acquisition phase and the whole
transfer phase, whereas an internal focus of attention resulted in no improvement. External
focus of attention may be the preferred method for facilitating the learning of motor skills
in patients with PD.
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Figure 1 Study flowchart.
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Idiopathic Parkinson’s disease (PD) is defined pathologically
by the loss of dopaminergic neurons in the pars compacta of
the substantia nigra and defined clinically by motor symp-
toms of rest tremors, bradykinesia, and rigidity, and by
nonmotor symptoms [1]. The pathological hallmark in the
diagnosis of idiopathic PD is the autopsic finding of Lewy
bodies in the pigmented neurons of the brainstem [2]. The
striatum is involved in motor learning, particularly in stor-
ing motor representations in motor memory [3].
Rehabilitative practice is largely dependent on the effi-
ciency of motor learning [1]. Motor learning is classically
defined as a set of processes associated with practice or
experience, leading to relatively permanent changes in the
capability of movement [4]. The patients learn to use the
damaged motor system in a new way to accomplish an envi-
ronmental goal that may have been achieved previously but
perhaps in a different way before the system was damaged.
In this process, the therapist acts as a facilitator by using
many of the same kinds of techniquesdone of which is
providing instructionsdthat have been emphasized in motor
learning [5]. The motor learning process involves three main
phases: acquisition, retention, and transfer [6]. Researchers
use retention and transfer tests that are performed after a
certain time to check the effects of learning [7].
Instructions are important when teaching motor skills [8].
These instructions refer to the coordination of a performer’s
bodymovements, including the order, form, and timing of the
various limbmovements [9]. Zentgraf and Munzert found that
the initial focus during task execution mediated by a verbal
instruction strongly impacts an individual’s performance and
learning [10]. Wulf and Prinz elaborated on the effect of
different types of focus on learner performance [11]. Atten-
tional focus is the act of directing attention to information
sources or to objects of an individual’s attention [4].
The instructions that direct a participant’s attention to
the production of body movement is called an internal
focus of attention. By contrast, an external focus of
attention involves directing an individual’s attention to an
environmental effect that is produced as a result of the
body movement [12]. Focusing attention externally versus
internally enhances motor learning and performance [13].
Previous research has found that individuals perform and
learn motor skills more effectively when they are instruc-
ted to adopt an external focus [10]. However, there is a
lack of research in PD to assess the effect of attentional
focus on motor learning. The aim of the study was to
investigate whether external focus of attention is more
effective in the acquisition, retention, and transfer phases
of motor learning, compared to the internal focus of
attention, in patients with PD.
Methods
Study design
A randomized post-test only design was used. By using
computer-generated randomisation, the participants were
placed into one of two groups: the internal focus of attention
group or the external focus of attention group (Fig. 1).Patients
A sample of 24 individuals with idiopathic PD in stages 2,
2.5, or 3 on the Hoehn and Yahr scale participated in the
study. Ethical approval for this study was granted by the
Institutional Ethics Committee of Jamia Hamdard University
(New Delhi, India). Each patient provided informed, written
consent before his or her participation in the study. All
procedures were conducted in accordance with the Decla-
ration of Helsinki.
The inclusion criteria were the following:
1. Idiopathic PD, as diagnosed by a neurologist.
2. Age of 30e70 years [14].
3. A score of 2, 2.5, or 3 on the modified Hoehn and Yahr
scale [15].
4. A score of 24 or more on the Mini-Mental State Exami-
nation (MMSE) [16].
5. On-phase of levodopa treatment.
6. A nonfluctuating response to levodopa medication.
7. Unfamiliarity with the task used in this study [17,18].
The exclusion criteria were the following:
1. Musculoskeletal disorders such as severe arthritis and
other neurological conditions such as cerebellar
involvement.
2. Visual, hearing, and somatosensory impairments.
3. Disabling dyskinesia and tremors.
4. Use of tranquilizers.
5. History of any neurosurgical procedure.Data collection
Instrumentation used for data collection included a circular
target (1 m in diameter), an inch tape, and plastic head
darts. The participants were tested 1 hour after they took
levodopa [19]. The performance of the two groups was
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transfer phase by an independent assessor who was blinded
to the group assignment.
Before the first phase, the experimenter spent 10 mi-
nutes with each participant to explain and demonstrate the
basic technique of throwing darts. All participants were
given the same general instructions in regard to the task
goal and the throwing position. The task was to throw darts
into the centre of a 1-m diameter circular target. The
target height was 1.70 m and it was placed 3 m from the
participant. In the acquisition and retention phases, the
target distance was the same. However, the distance was
increased by 1 m in the transfer phase. Ten standard soft
tip plastic head darts were used for each trial block. After
each trial block, the darts were collected from the target
board and used again for next trial block [6].
The participants in the internal focus group received in-
structions (described in detail later) to direct their attention
to the movement of the shoulder, arm, and fingers. The
participants in theexternal groupwere instructed (described
later) to direct their attention to the target, dart, and dart
course. Each participant was assessed for the task for 2
consecutive days. On the 1st day (i.e., the acquisition phase),
each participant threw the darts for 50 times in five trial
blocks (10 throws per block). At the end of each trial block,
the experimenter marked where the dart hit the target, and
the distance of the dart from the centre (i.e., mean radial
error) was measured in centimetres with an inch tape.
On the second day, the participants performed the
retention test and the transfer test. In the retention phase,
the participants threw 20 darts (i.e., 2 blocks of 10 throws
each) from the same distance as in the acquisition phase.
After 15 minutes, the participants performed the transfer
test in which they threw 20 darts (i.e., 2 blocks of 10 throws
each) from a distance that was increased by 1 m. The dis-
tance of the dart from the centre was measured with the
inch tape. No further instructions were given in the reten-
tion or transfer phases [6].
The participants of the internal focus group were
instructed as follows:
1. “Dart in your right hand, place your thumb next to your
middle finger and index finger.”
2. “Bend your elbow until your hand reaches the height of
the eyes.”
3. “Before throwing, concentrate on your finger motions
and the correct position. Pay attention to your grasp
and to the bending and straightening of your elbow.”
4. “Bring your handbackward, approximately at the level of
your ear. While throwing, straighten all fingers simulta-
neously so that at the end of the throw, your hand is
directed forward and your elbow is fully straightened.”
5. “After every ten trials, focus on how your arm and hand
felt before and during the throw.”
The participants of external focus group were given the
following instructions:
1. “Hold the dart with your right hand. Roll the dart and
concentrate on its weight and the position.”
2. “Pay attention that the dart is parallel to the ground.”3. “Bring the dart to your eye level and feel the dart
directly in front of you on your right.”
4. “Look at the centre of the board carefully for a few
seconds.”
5. “Bring the dart towards your right ear and throw the
dart.”
6. “While throwing the dart, concentrate on its flight
directly towards the target.”
7. “After every ten trials, focus on the dart (how it feels,
its weight, and its position) and look at the target.”Statistical analysis
Data were analysed by using SPSS software version 15 (SPSS
Inc., Chicago, IL, USA). Demographic characteristics were
compared between the external and the internal focus of
attention groups. Age, MMSE, and height were compared by
using independent t tests. The Hoehn and Yahr score (i.e.,
ordinal scale) was compared by using the ManneWhitney U
test.
An independent t test was used to analyse the differ-
ence of the mean radial error (i.e., the distance of the dart
from the centre, measured in centimetres) between the
external and internal focus of attention groups. Repeated
measure analysis of variance (ANOVA) was used to compare
test performance in different phases within each of the
groups. The level of significance was set at 0.05. For post-
hoc multiple comparisons, the level of significance was
adjusted by using the Bonferroni correction.Results
Baseline characteristics
A baseline comparison was performed between the two
groups. There were no significant differences in any of the
variables (Table 1).Between-group comparisons
The change in the mean radial error was analysed in the
acquisition phase, retention phase, and transfer phase.
Acquisition phase
There were no significant differences between the two
groups for the first four blocks of the acquisition phase
(p > 0.05). However, the external focus of attention group
had significantly less mean radial error than the internal
focus of attention group for the fifth block (p Z 0.004)
(Table 2).
Retention phase
For both blocks of the retention phase, the external focus
of attention group tended to have a lower mean radial
error, compared to the internal focus of attention group.
However, the difference was not statistically significant
(p Z 0.052 [block 1] and p Z 0.11 [block2]) (Table 2).
Table 1 Participant demographics.
Group 1dExternal focus Group 2dInternal focus t test
n Z 12 (males Z 8, females Z 4) n Z 12 (males Z 9, females Z 3)
Mean  SD Minimum Maximum Mean  SD Minimum Maximum t statistic p
Age (y) 53.9  9.6 40.0 69.0 52.4  7.4 42.0 66.0 0.512 0.237
MMSE 29.6  1.2 25.0 30.0 29.8  0.9 27.0 30.0 0.601 0.622
Body height (m) 1.64  0.08 1.53 1.81 1.67  0.07 1.53 1.81 0.645 0.412
ManneWhitney
U Test
Median (IQR) Minimum Maximum Median (IQR) Minimum Maximum Z p
Modified Hoehn and Yahr 2.00 (0.75) 2.00 3.00 2.00 (0.00) 2.00 3.00 0.139 0.932
IQR Z inter-quartile range; MMSE Z Mini-Mental State Examination; SD Z standard deviation.
Level of significance is p < 0.05.
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Significant differences between the two groups existed for
both blocks of the transfer phase. The mean radial error
was significantly lower in the external focus of attention
group than in the internal focus of attention group for the
first block (p Z 0.003) and the second block (p Z 0.006)
(Table 2).
Within-group comparisons
External focus of attention group
For the acquisition phase, a significant difference was
found when the first trial block was compared with the fifthTable 2 Comparison of radial error amongst various
blocks of the acquisition, retention and transfer phases
between the groups.
Radial error (cm ) t score p
Group 1d
External
focus
Group 2d
Internal
focus
n Z 12
(Mean  SD)
n Z 12
(Mean  SD)
Acquisition phase
Block 1 10.85  2.12 12.14  2.58 1.332 0.195
Block 2 9.57  1.19 9.76  1.66 0.321 0.749
Block 3 9.25  1.70 9.90  0.90 1.172 0.252
Block 4 9.05  1.42 10.08  1.54 1.717 0.103
Block 5 7.47  1.64 9.31  1.12 3.213 0.004*
Retention phase
Block 1 9.23  1.37 10.64  1.93 2.051 0.052
Block 2 9.00  1.77 10.9  2.01 1.662 0.111
Transfer phase
Block 1 11.33  1.54 14.14  2.52 3.273 0.003*
Block 2 10.57  1.79 13.06  2.23 3.01 0.006*
SD, standard deviation.
*Indicates a significant between-group difference (i.e.,
p < 0.01).trial block (p < 0.001), and when the fourth trial block was
compared with the fifth trial block (p < 0.001). In the
retention phase, no significant difference existed between
the two trial blocks. There was also no significant differ-
ence between the two trial blocks in the transfer phase. A
significant difference was noted when the fifth trial block
of acquisition phase was compared with the first trial block
of retention phase (p < 0.005) (Table 3).
Internal focus of attention group
No significant differences were present in any of the three
phases, as summarized in Table 3.Discussion
In clinical populations, using well-coordinated protocols are
scarce in helping to decipher the precise nature and the
role of focus of attention in motor learning. The present
study attempts to describe the effect of external focus of
attention and internal focus of attention on the acquisition,
retention, and transfer phases of motor learning in patients
with PD. The key finding that emerged from this study was
that external focus of attention is more beneficial than
internal focus of attention in the acquisition phase (in the
last block) and in the transfer phase of motor learning in
PD.
The findings of the present study are in line with the
previous researches of the motor learning in adults with
[20] and without [21] neurological impairments. In their
study, individuals with PD were asked to balance on an
unstable surface (e.g., an inflated rubber disk). They were
then instructed to focus on reducing the movements of
their feet (i.e., internal focus) or focus on the disk (i.e.,
external focus), or they were not given attentional focus
instructions (i.e., control). The researchers found that
directing attention to the effects of movement external to
the mover reduced postural instability during standing for
individuals with PD, compared with an internal focus. The
focus of attention responsible for motor learning in PD is
supported by the challenge point framework. The funda-
mental assumption is that learning is a problem-solving
process and that the information available during and
Table 3 Comparison of the mean radial error in the
various blocks of the acquisition, retention, and transfer
phases within each group.
Phase Comparison Group 1d
External
focus
Group 2d
Internal
focus
p p
Acquisition AP1-Ap2 0.286 0.134
AP2-AP3 1.000 1.000
AP3-AP4 1.000 1.000
AP4-AP5 <0.001* 1.000
AP1-AP5 <0.001* 0.023
AP5-RP1 1.000 1.000
Retention RP1-Rp2 1.000 1.000
RP2-TP1 0.005* 0.340
Transfer TP1-TP2 1.000 1.000
AP Z acquisition phase; RP Z retention phase; TP Z transfer
phase.
*Indicates a significant difference (i.e., the level of significance
is p < 0.01).
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forms the basis of learning [22]. Jarus and Ratzon [21] in
their review concluded that the principles of motor learning
can assist therapists in structuring prevention programmes
to facilitate the learning of correct movement patterns.
They also concluded that performing purposeful activity
enhances motor performance and learning because it di-
rects attention of the performer externally.
The present study demonstrated that the type of infor-
mation emphasized in verbal instructions can significantly
influence the production of subsequent movement as a
function of the direction of attention focus [23]. These
instructions are used to direct a person’s attention, influ-
ence the person’s sensory awareness, and establish goals
for a particular motor act [19]. A previous study has also
shown that patients with PD perform an externally trig-
gered task better than an internally triggered task [18].
Acquisition phase
Acquisition involves the active process of attempting to
perform a task [24]. In the acquisition phase, there were
significant differences between the two groups in the last
trial block. The results are in accordance with previous
research by Michel [18] that showed that task performance
improved with repetitions in patients with PD.
Huang and Shadmehr [25] report that when an individual
performs a movement and observes the consequences, the
brain learns from the resulting errors. Studies have shown
that people with PD require a large number of repetitions of
a task to translate declarative knowledge into a procedural
knowledge [26]. That differences were not apparent during
the initial blocks is supported by the fact that instructions
were essentially being acquired during these phases.
Gentile [27] in her work concluded that during initial
learning, the patient’s movements were not smooth or well
coordinated. Efficiency is not present, and it should not beexpected or emphasized. The fine-tuning of movement of
force production occurs only with extended practice trials.
Data from the present study and from past studies sup-
port using practice as a tool to increase a patient’s per-
formance [28]. The acquisition phase is intended to prepare
the learner for practice sessions. Performance during
practice is not a particularly useful criterion for learning
[7]. In the acquisition phase, relative permanent effects
may be confounded with temporary performance effects
that disappear when the test conditions are changed.
Therefore, various kinds of retention and transfer phase are
used as a means to evaluate the extent to which true
learning has taken place [29].
Retention phase
In the present study, fewer practice trials were used and no
instructions were administered to the individuals in the
retention phase. The retention test was used to determine
the presence or absence of motor learning. It was per-
formed after 24 hours because the passage of time is
essential to gain the maximum benefit of practice and the
time delay may allow the consolidation of learning [30].
Results of the retention test showed no statistical differ-
ence between the two groups. Since the patients received
no instructions, it may be that early learners switched their
attention from one focus to another interchangeably.
Another possibility can be attributed to the sudden removal
of feedback in the retention phase [29].
Although there was no significant difference between
the two groups in the retention test. The p value was close
to the level of significance (p Z 0.052) (Table 2). Perhaps
our study was underpowered to detect a significant differ-
ence. A larger sample size will be required to further
investigate the effects of different attention focuses on the
retention phase.
Transfer phase
Transfer phase is used to demonstrate whether learning has
occurred [22]. In the present study, the throw distance was
increased by 1 m and the therapist gave no instructions to
the participant in the transfer phase. The results for the
transfer test showed significant differences between the
two groups. The mean radial error was more greatly
reduced (thereby showing more accuracy) for the external
focus group than for the internal focus group.
The significant differences between the groups that
occurred during the transfer phase can be explained on the
basis of the challenge point framework. This framework
uses the idea that learning can only occur when the learner
is challenged [22]. In the present study, challenge was
added by increasing the throw distance.
Learning is enhanced by promoting the integration of
effectors and perceptual processes, thereby promoting the
automaticity of movement control. By contrast, focusing
internally introduces conscious elements that interfere
with normal, automatic movement control. According to
the conscious processing hypothesis, internal focus in-
structions generate a greater load on working memory
(compared to external focus instructions) and thus result in
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possible explanation for the advantages of focusing on the
effects of movements, rather than on the movements
themselves. According to this theory, perception and action
require a common representational mediumdefferent and
afferent codes are stored in the form of distal events.
Therefore, it is appropriate to assume that actions will be
more effective if they are planned in regard to their
intended outcome or effect, rather than in regard to the
specific movement patterns [11].
Clinical relevance
From a clinical perspective, this study indicates that motor
learning is a fundamental step in the rehabilitation process
of patients with PD, and that attentional focus can impact
the rehabilitation programme. The results support the use
of external instructions over internal instructions in reha-
bilitation of patients with PD.
Limitations of study and future research
The present study was conducted on a small sample size,
which limits generalization beyond the sample studied. No
height matching of the patients was performed. No power
analysis was performed a priori, which may partly account
for the nonsignificant results.
Future studies can use a longer retention period to
evaluate the effects of delayed retention in patients with
PD. The effects of focus of attention also can be tested in
other neurological populations. The current study only
included individuals with intact cognition; therefore, future
studies can be conducted on individuals with a cognitive
deficit. Further intervention clinical trials that have a
longer treatment duration should also be performed to
compare the effects of external versus internal focus of
attention on motor learning.
Conclusion
External focus of attention improved learning in the last
block of the acquisition phase and in both blocks of the
transfer phase. However, the internal focus of attention
showed no improvement in any of the phases of learning.
Hence, the authors of the current study conclude that, for
patients with PD, the external focus of attention may be
preferred over the internal focus of attention in learning
motor skills.
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